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[57] Abstract: 

PROBLEM TO BE SOLVED: To provide a compound for a luminescent element having hig|i 
luminescent efficiency and reliability and provide an organic luminescent element 
produced by using the compound. SOLUTION: A six-coordinate metal coordination 
compound is used in an organic luminescent layer. Only one of the ligands has a 
luminescent bidentate ligand having a metal-carbon bond. The element obtained by 
using the compound is resistant to a concentration quenching and exhibits highly 
efficient stable phosphorescent characteristics. 

[51] Int'l Class: C07F01500 C09K01 106 H05B03314 



1 



©2004 MicroPatent, LLC 



(19)B#B#fW (JP) 



(12) & 



(a) aofttraei&gss^ 
#112003-73387 
(P2003 -73387A) 
(43)&W B ¥^K15¥ 3 JJ12B (2003. 3. 12) 



(51) IntCl. 7 

C0 7F 15/00 

C0 9K 11/06 

H0 5B 33/14 



mim 

6 6 0 



F I 

C 0 7 F 15/00 

C0 9K 11/06 

H 0 5 B 33/14 



E 3K007 
660 4H050 
B 



gSEat* mm mx&wm ol (±isk> 





*SH2001 -267234C P2001 -267234) 


(71)HiSiA 


000001007 










(22)fflH0 


¥m3¥9M 4 B (2001.9.4) 




JfiSffiAHKT;*!/? 3 TI30S 2 ^ 






(72)&9» 










S^Affl^T*^ 3 TI30S 2 y 














(72)5B9£g 


BJffl #=B5 








Jra^fflKTjllf 3 TB30# 2 y 














(74)«SA 


100090538 








#H± Blli «H (*U«) 











©4) ixwozm temRvmsmmsGmtymT 
(57) [ms] 




[4$fFfg*<D$SB] 

its*^ i ] 6 &&&mmmt&®>-?h v , 

EttoAMBtttteft. 

#* i x r* 2 ia«©/>* < 4 fc-arosfiie^jiffiffi{k^ 



[f*#JS4] Tta-^s: (i) -cssita&jiEtarfls 

ML L ' (1) 

KtMB I r , R h , Ru, Os, ReO&JBK^-?*) 9 , 
L fiZJffiE&^Sr^-f . SB^SiSM L I4TEHR* 

(2) SB^itML 1 ttTB-JRSC (3) , 

(4) , (5) *fctt (6) -C^$^5„ 

[*1] 



ft 



>1 M ^ N ~\ 



PI, 



s^Sffc 9 , b \m%m* Lr^iSB^Micie-a- 

li/Ma^i/jR^ - has, bvr/^/wy 

y a-s wrj\<*)\>mti:h?ft@& \,x&mm- » 1 

«JW5W* l «»6 2 o ro«tt*fctlM«or/^^ 
S (BET/>*/w£*mokL<tt^L4^2o£U: 
O^fi/ySti-O-, -S-, -CO-, -CO-O 

-o-co-, -ch=ch-, -c=c--ca& 

HW^tetHfcSjIvOvtfcJ:^. ) *fcl4M&S£*L 

/S, =hng N ^Jg^Scl^F>2 0©H«tt*fctt 

&L&V>2o£JLL©y?-U>"gf4-0-, -S-, -C 
O-, -CO-O-, -O-CO-, -CH = CH-, 

-c = c--ee^gix.5 J ti-cv>-ct>J:<, ®T^/vg 

Sr^i", ) Sr^-f". } . A 4 B 

LT^S. (3) a;fc&tt3&SMl£E&-fSEtiHPtt 

0-i?^hvs?3f#Wig^-r. (4) js:\a$\iz&m 

TS/KRWflB|(iaSr»+. (5) ftK*sr*S6J|Mtc 



(4) (6) ^HaftltS^H-fflS^LrEffi-rSEffi^tttf 

[»*«5i iwB-jK« (2) -entztiztoftmrnK 

©Effi^-CfcS C 4 &^4f 5H#£4SE«ro**838 
ft**. 

[t**JS6] fltesjKJin, ifte&iiEttft&«i4tt 

©fc^4 4 *«H*4i-a, 8*** 

4 X II 5 fES&O W$S3§ftijl^ 0 
[1**9(7] i**3S 1 ASSOb^f tl*^E«(D|S3t 

4 «rW» 4 

[f**^ 8 ] 6 Btt4M£ttfc6ft0Ett?0> 5 *>, 

mmwt&to (a) TIE-***; 

(8) , (9) *fc»± (10) fc^*ft,5Ett-T-aJ3o 
EftLfc^HEttft^* (B) , 
*fcfi, TI2-«!5*: (1 l) t<Dn4m^n+m=6-C*> 
S&ME&fls-g-ft (c) «rfflS-f-3lg4. ttSE&JPMI; 
4ft (B) XI4 (C) 4T!5-«S; (7) ©^JHEtt^ 
^•*rffffl**T-o©*«lK*SrfT5XB4» WtE 
B&£j£oa££$4&a>kMB&JiEmfc^ (A) «r 

»m»«-r 5xs^#-r5r4^#ja4-f5 &mmm t 
ism (a) (OKit^fe. 

[fl-2] 



N 



(7) 



[ N ^l -f N ^ 
^^O^ M -0^ 



PL 



(8) 



(9) 



(10) 



X n 
(1 1) 



-2- 



[0 0 0 1] 

^s) tit&mmu $bidpu<tt, #£o&jiia 

ftft-3-«54, ^^Sr^3t»Hsfi:L-Cfflv>5B3t^lcg| 
[0 0 0 2] 

[W*^] *S6363t^ UU-pfrfi^l^ hn/i^* 
y-feV^^, SfclSWtSELiSl^ J: !>*.&) tt, *<ii 

rv hJ-tyMgmicWZZmuvxt&ltZttW en 

in Solid Films, 94(1982) 171) ^riS&So U^Lifi 

[0003] Httf, Mac romo 1. Symp. 1 
2 5, 1~4 8 (1 9 9 7) KPft SJvtVS <t 5 K, 
-jRJC«»***^«aW*«±fc»**ilfc, ±T2 

fc*««r»o. ft*BI*RI6 (a) , (b) , (c) IC 

[0004] SSftg 1 2 fctt, tt?tti&£ &*%tttt* 

tfcltC^-f A 1 q 3*if*SfflV>P>HSo /HftSt 

1 1 3 \m, h y 7*-»*jt 5 >mm&, ft* 

[0 0 0 5] £fte>©J*?tt««WSiW4«:jj*U 

[0 0 0 6] aA5Hfc*-/V'i« J 3 1 li> »5tSl 2rt 

[0007] croi&g-e, BjBttttlcttfibfi 1 JIW® 



1 3 iw#*»6*jat«»^©ai)n*** 

[0 0 0 8] rtl*-CttW**vCtfc*r»EL3R^tt» 

*<o^< a* 1 tWB^biiwifiait&ito 

L «r«ffl-f * ©WW* fc 3 *i"C^ 6. 

[0009] j»SitT^«ft*ttfcS:«»*» 
SSfc 1: Improved energy trans 
fer in electrophosphoresc 
e n t device (D. F. O' Brie n<&, A 
pplied Physics Letters Vo 
1 7 4, No 3 p422 (1 99 9)) 
Xi2: Very high-efficiency 
green organic light — emitt 
ing devices basd on elect 
rophosphorescence (M. A. B a 1 
dot, Applied Physics Lette 
rs Vol 75, Nol p 4 ( 1 9 9 9) ) 

[0 0 10] rft&oXtt"?!*. «HI]K:i**&*tfc* 

«*, it** 1 yrnasmt 

[0011] #tr«©l«Wtt£ilT0>» 9 -C*S. 

[0 0 1 2] A 1 q 3 : TVl'S-*/ U / — /HB#, 
a-NPD:N4, N4' -Di-naphthale 
n — 1 — y 1 — N4, N4' — diphenyl— bi 
phenyl— 4, 4' -d i amine, 
CBP : 4, 4' — N, N' -dicarbazole 
— b i phenyl, 

BCP : 2, 9-d i me t h y 1 -4, 7-diph 
enyl — 1, 10 — phenanthrol ine, 
P t OEP : &&-*?*x.?-/utf/\'7'( \) 
Ir (p p y) 3 : -f !) ^^-7i=;Hf!l $.i?>tt 

[0 0 13] 
[ft 11 



-3- 




lr(PPy)a 

[oo 1 4] xki, 2ti>®%>mmtbtitcm?\m 

6 (c) <Dffif&-e s /Mfti&Il 31ia-NPD. ® 
16KAU3, Slie-T-ttlRKJtS 1 7 te B C 
P, »*J11 2KCBP«r*^h*f»tUr, rftfcj* 

* (PtOEP) , y 5 

i;yM» (I r ( P py) 3) £6%f§S<D«£-e# 

[0015] m&m%&&%ttwmz&nistiz>m& 

[0016] df-vyrs^-g-iiiu^^itafibjS^tt 
lfi^ae^t 3fi«ae^f)*t), towtii : 

SaWlO^< fct> 3f& 

i> Jaafttllci44^01 0 0%O»3feiRsp*s»i1$t»t 
5. 

[0 0 17] =Mia»b©383t«rEUfcXltt!:B:, #08 
¥ll-3 297 3 9^i tfjUE L%*RVZ<D9l 

. <i$bs¥ ii-2 5 6 i48 &m 

#±tf£*Wfrfll^fctf«ELJ*F) . ti¥8-3 19 




H3C CH3 



BCP 



[0018] *izmm&*mmittm%%mw 

^fti^KlJSffl bfcWi: Itft M.E. Thompson 
p337 Conference record of the 20th International d 
isplay Research Conference#><fc5 0 

[0019] znmxwtt. j9i?v*iT&mmmt 

[0 0 2 0] L*»Lft»&, :L<aga#^£3oIBffi£i2: 

fc h y ^r-fe^/ur* h-j- w y M3£ft 
tcBi^-r 6 ^ s y ^ <D#5tett<oBMfc*as 2 

[0 0 2 1] L*»U*H«*©±-Ctt, »*ttEfl:-7-Sr 
[0 0 2 2] t^L-*"T?±IB»f3t*3tS:fflV>fc*ttl» 



-4- 



[0 0 2 3] ST, *»W#fc#;iT^383fc»3te©.>« 
[0 0 2 4] #«I8*SAS, **VT®m&<D*x H* 

[0 0 2 5] 1. 383fcSft-?©^?- • ^©(ftS 
2. hroja®^^ 

5. h©3fiJgHiiB-?-£j* 
5. 

[0 0 2 6] #«»3fcS^©»^*fcilS*Sfc*te 
(4, »JMMttW*©t>©©»ft**«I*«r*#<1-* 

[0 0 2 7] Lri> U»3tJit»©*3t*m©»*!mEv* 
£(M:itl%^T)im*©«Slcj}:0!ll,T, 
#±#-t£>„ Ld»U -)RKl%A»e>lO%«±[C)5:5 

r©*«BMR*»e>r^ satjMtwu, a** 

LT*Q fetlTJS 0 , #5B¥0 5-078655 

0 5- 3 2 0 6 3 3(CBfJ^£*VO , "&„ ^©JBatt 

t> %%$i>#ftm±. *fci*t©«a#*i©*i# 

*«K*IHi3l m , *#»*Ty:/fcttJR#»fr?-©£nil 

[0028] a*ftT©WHctt» ±tebfcss?B^t 

ttdWfc* ^Tt-izE^S 3 Mm- 3 S«ffittl!l J: (9 S&^flS 
[0 0 2 9] ***3ft*ltlw*V^'rtt, -JRK1IWE3M 



■0 



quae*©*** i rase?©*** 9 3«r^±gv^ 
&-t5$H-##<fc3. 3S^aje^i^±*sffi 

fi3S-3S^iH«fc^ «rKili««E«ftNFlJ:»3fc«b* 
jra*m±"e©*l#»l**l?te*o 

[0 0 3 0] 

14, «l*3»*»f(«r«v^-C. 6trIB»SiH3fe©#»*ffi» 
U H5^»*3»*«r»t>» iK^S5ttt©«fcV>#«383tJ){ 

[0 0 3 1] 1#^«flBa*Sr383Wi(5F©^fl}jtt9:tHr 

±) -cKf^&mfc-ra r t fr^mz-te *) , cjtfeicft 

VSW&*»*©*?#*riefc**. 
[0 0 3 2] 

[■WB*r*»1-*fc»©#»] ±IH^SSriifife-r5fcft 
EttflS^fcoEtt^© 5 -o©*jJJAJH-«*JS* 

[0 0 3 3] *fcTB-*S (1) -C^^^S^JSiatt 

[0 0 3 4] MLL' (1) 

[5£f>MliI r, Rh, Ru, 0s, Re©&J&Dj^"Cfc t> , 

(2) -C^£*U fS^flfigML' ttTffi— JRK (3) , 
(4) , (5) Sfctt (6) -V^HtlS. 
[0 0 3 5] 
[fl-3] 



'v£> 



m; 



n 



) nC ) 

J 2 L 



PL 



X„ 



[0036] n, c oixsa **l«is»} wm, 

[0 0 3 7] 

[»«©**©»«] E1T, McWttHk&toimicM . 

*»9]©ifcfe*riiiw-rs. 

[0 0 3 8] 5gRlc^fc3&3fe*tm?fc5&JS«#{t3- 
«TC^Lfcte^2T?j^{ls£-fe301, 401, 40 



(4) 2-c*5 0 («tE<t ; ?-'T»*»**=/»'tf !>S?>«tt^ 

-t;*ieft©$:#> 3 0 1-C?f41 : 2, 4 0 1 Utt 
2:1, 4 0 2-CI43 : 0t4oTV^5. 
[0 0 3 9] 

[fk2] 



-5- 






[0040] «6Mttft<D£»A*& i » ^ 




+ lr(acac) 3 



[0 0 4 2] &J&*mt, <f y^AI r Kit* LTV* 

^Vfcjt&^£#&Tffo*: 0 5t-fl00ml^4OP7 7^ 
3^^y-fen-/W50ml SrAtb, y ^L4# 

<b 130-140^2P#Fpfl*0??ftft# Ltz 0 100 
^£T*&&L, 2-7x^/uey^y0. 16g (1.03m mole) 
]) y^AdlDr-fef-^T-fe H*- hO. 50g (1.02m 
mole) ft AH, ttlKftttE T 180^^8 ($BB*n?»«# Lfc. 
SJ6»«r^M*"CftaiL'ria3e-i6»300m 1 fcftA 
L, a«to*»»«*ifcLfco r©a3R«**nn*^ 

~^fc> !> - h Oj|&»*0. 05 g (IR*9. 0%) 
fc. 

[0 0 4 3] *fcfedi*S:KT©*ffi-e5c*»«fftfTo 

[0 044] 7G*#*f ±IE«ft»*tt, C : 46. 

33%, H : 4. 04%, N : 2. 57%, 0 : 11. 76%, Ir : 35. 30 

[0 04 5] *fc&S400nm<D3ft-C36BiB LT, 7* b 
/I'S^i/^^OjWfcfcfrofc. »3t»fi«*:tt, 515n 

[0 0 4 6] ttjMN:(0^^ 2 )> »*Rtt* fc L 
T7x^/Wy^;!)y^V\ 303, 403, 404lC*rf 



4 °|004 1] 
[*4] 



[0047] *mj&w-vt±, ft<D&f8.mkmm<n&i$,m 

■C, &SEffifba*302~308fc-g-figLfc. £-f&K3M*5- 
[004 8] Jt«W £ UT, ±IE301-308i PI C&fttt 

3Oifc#j£1-5ifc«0!ltt£K* Ltcit^-mm-ch 
9. 303K#j[£;-f SttifeWi, fls-e-«j404-e*>s. 

[004 9] «fffffl^fflMJS t ff» -3WMI 

fc«v^fc*iM3iHl»tt. 06 (c) »w**-e, * 

3JC«NPD(5 Onm), $8)fcS 1 2 i: LTC 

b p \c&&mt$mt&to*Mai£ 2 ~ 1 5 fis%## l 

fclg, raig*fct&:G5.ltS 1 7KBCP(2 Onmh 
»16lCAlq3 (30nm)i<^ X2f--\rV'<- 
rt"TS«JW«Lfc. £«(C&JSS;*Ii UT, AILi^ 
&£T3I#J1£ LT±S8(cr-'WS^!J'^ALSrl 0 0 n 

[0050] *7t^ufc^£0fF«d^ia-cm\ m 

4 140BT% * 1t%tm& yftSf B M 7 t?»J 

«3tW*«SiJ-a- [ C d /A] t fc. 

[00 5 1] «ft»a«©ai£» -&-rm&mx.<Dmwz 

[0 0 5 2] *£*£III3t;:^W5:. 



[0 0 5 3] Z.<Dm*<bmbt>*t£iL0\Z x ft3fe©{fc-&$> 

02»c tt<<x i. 6f&ic:/«c o -c v * 5 mm 5. 

10 0 5 4] SfciKSo©^©^-^;*^:? 

^L-r*3 9, *©?8ftffi;*:li. 515nm-Cfcofc 0 
[00 55] *3&Sli©£3fc*m303©*§3N ft)S»«(4 

fc 0 *fc3o©#i|Sf©383fcffi*:l;i, 620nmT?S>5o 
[0 0 5 6] Z<D~<><Dttn%Ott&tnWlfrbUT<OZ. 

[0057] s-r m&wmik&m cx»>z 2 

#)ft3 0 1 ©5&?ij-e»i N 7j=^ y i^Eft* 

as, wwosco^jFij^ii^ai^/U'f y*/ y ^Ett^a* 

©ftteasgftfifi. 7 * -/w t- y i? >e&^*3 ±y7s 
=A»r y*/ y ^Btt*fc»ttfcLfc»«*ra**©» 

3t-Cfc5ifciJS*3d»5. t^tf, 301©#!|s|-5fc-?tt, 301 
5. 

[0 0 5 8] 04l*£*l,6©ajBttl»&Ill0!-f-$;fcA© 

[0 0 5 9] 3§3ttt!|S|-301tt, »*Kil«BB*i- 
t?feS7i=/Wt*y S^Effi^a*— JH^ 3ofc5fcfc 
(tt#*i:»^IIWEfWlfti-«lMt#i*v\ 

*.b*L3. -2f, #*E©£ft*m301©#g-|;:tt:, 7 
***<1-**J«flBK:*ofc. 

[0 0 6 0] S5iCtt, %%tt#3O3&4O40X? 

0««S»*(Cd/A)©BiaD««»#ttSr^U«:. 
ftlmA/ciii2©«^«ft©l$©!t«a*^£»fl: LTV> 
5. «m«fENF©^)fc^l 



[m^it 3 *g- 3 mmzmwu ztix^zt m&x- 
£ftt>jfcKfc^fc*HHiMEflyfl©**©«£a»e> 

[0 0 6 1] iJltra^-Ctfc^WftEfPffltt, » 
ffi©ffiE^ffltEHLfcfc©iS&9, «ifcW#*r*» 

n ©*m"e»*i Lfc»*#»h,T v * 5 1 n *. -o * 3 . 

[0 0 6 2] &t±©3!l*fi, **91©S%tffiA£©3a 

[0 0 6 3] *»WfcfflV^6*t5»*ttEtt^«r^Wk 
mW*:©»4WIJ!l*rflS*« 3 ©L10l!»»6L137fc. 
ttEffi* t*tP»»«ift «rft 4 ©L20ia> 6>L215(C^ L 
fc. 

[0 0 6 4] **m©MBttfl:6-<lfe©tt«tt. ±B» 
3ttt© 2 ffiEft^as 1 o©*Effi L, *©ttfc*«Att 
Btt^Btti-SflBStta. »*ttE4»tt, ft* - 

**Att£**ru ut» r©ia{S^icft 

[0 0 6 5] r©Etfe^!C^5l?-t-5B3ttts ftfi3fi>S 

ttBtt-?-©*!::** < tt*#L4v\ 
[0 0 6 6] IWSjfettEtt*!*, *»ttE«tffc 
Jfc'<*ft©«itt/h*<, *V*31«3:jM'*H*M* 

t>, »3tttE^©?83fe^#Sr^*.JfcV»^©ir%e)^ 

©»***■*■■&. c«>*»*ttEffi^*#ai©**** 

KUE (^^.ttCHSS, t-7*fvwg, CH(CH3)3S) 4 if 

[0 0 6 7] 
[ft 3] 



-7- 




-8- 



L201 



LZ02 



U03 



L204 




U05 
H 2 



V 



'C(CH3)2 



m n 

L210 3 1 

mi 2 2 

L212 1 3 



L213 3 
L2M 2 
L215 1 



[0 0 6 9] ^Tffc 5 tc#K<£|£»Wft^^»SS£ (O-C ttft v\ 

^i" 0 [0 0 7 1] 

[0070] *aafc«"ett, ^jam* t lt^t-y y ^ [ft s i 

^1 rSrfflV^ *W©3»*ttr*L^HSSh*t 



-9- 




307 

[0072] sir, *%w\zm^ti%&m&mk&%) 

[0 0 7 3] Sfc&gtt, 4 y^AI r> nVWR 
h, /Ur^^ARu, t^^AOs, U~?ARe<£> 

So 

[0 0 7 4] fiLrix&tt. 

<Z>*&ft, *^^^y(^nMt^ PF6-, C 
104-) - fc j5?-C# 6 0 

[0 0 7 5] 

[£l] 



-10- 





M 




SftHBft ML' 










1 


Ir 


101 


201 


2 


Ir 


101 


202 


3 


Ir 


101 


203 


4 


Ir 


101 


204 


5 


Ir 


101 


205 


S 


Ir 


101 


208 


7 


Ir 


101 


207 


6 


Ir 


101 


208 


9 


Ir 


101 


209 


10 


Ir 


101 


210 


11 


Ir 


101 


211 


12 


Ir 


101 


212 


13 


Ir 


101 


213 


14 


Ir 


101 


214 


15 


Ir 


101 


215 


16 


Ir 


117 


201 


17 


Ir 


117 


202 


16 


Ir 


117 


203 


19 


Ir 


117 


204 


20 


Ir 


117 


205 


21 


Ir 


117 


208 


22 


Ir 


117 


207 


23 


Ir 


117 


208 


24 


Ir 


117 


209 


25 


Ir 


117 


210 


28 


Ir 


117 


211 


27 


Ir 


117 


212 


28 


Ir 


117 


213 


29 


Ir 


117 


214 


30 


Ir 


117 


215 



[0 0 7 71 
[£3] 



1 



31 


Ir 


119 


201 


32 


Ir 


119 


202 


33 


Ir 


119 


200 


34 


Ir 


119 


204 


35 


Ir 


119 


2C6 


36 


Ir 


119 


206 


37 


Ir 


119 


207 


38 


[r 


119 


208 


39 


Ir 


119 


209 


40 


Ir 


119 


210 


41 


Ir 


119 


211 


42 


Ir 


119 


212 


43 


Ir 


119 


213 


44 


Ir 


119 


214 


45 


Ir 


119 


215 


46 


Ir 


136 


201 


47 


Ir 


138 


202 


48 


Ir 


136 


203 


49 


Ir 


138 


204 


50 


Ir 


138 


2C6 


51 


Ir 


138 


206 


52 


Ir 


138 


207 


53 


Ir 


136 


2C8 


54 


Ir 


136 


2C8 


55 


Ir 


136 


210 


56 


Ir 


136 


211 


57 


Ir 


138 


212 


58 


Ir 


138 


213 


59 


Ir 


136 


214 


60 


Ir 


136 


215 



[0 0 7 
[5*2] 



6] 



-11- 



51 




102 


201 


91 


Ir 


134 


201 


62 


Ir 


100 


201 


92 


Ir 


135 


201 


S3 


Ir 


104 


201 


93 


Ir 


137 


201 


94 


[r 


1C6 


201 


94 


Rh 


101 


201 


85 


Ir 


106 


201 


95 


Rh 


101 


202 


66 


Ir 


107 


201 


96 


Rh 


101 


20Q 


87 


Ir 


10B 


201 


97 


Rh 


101 


204 


58 


Ir 


108 


201 


98 


Rh 


101 


205 


69 


Ir 


110 


201 


99 


Rh 


101 


206 


70 


Ir 


111 


201 


100 


Rh 


101 


207 


71 


Ir 


112 


201 


101 


Rh 


101 


208 


72 


Ir 


113 


201 


102 


Rh 


101 


2ce 


73 


Ir 


114 


201 


ICQ 


Rh 


101 


210 


74 


[r 


115 


201 


104 


Rh 


101 


211 


75 


Ir 


116 


201 


105 


Rh 


101 


212 


76 


Ir 


118 


201 


106 


Rh 


101 


213 


77 


Ir 


120 


201 


107 


Rh 


101 


214 


78 


Ir 


121 


201 


108 


Rh 


101 


215 


79 


Ir 


122 


201 


1GB 


Rh 


117 


201 


BO 


Ir 


123 


201 


110 


Rh 


117 


202 


91 


Ir 


124 


201 


111 


Rh 


117 


20Q 


92 


Ir 


125 


201 


112 


Rh 


117 


201 


B3 


Ir 


126 


201 


113 


Rh 


117 


2C5 


B4 




127 


201 


114 


Rh 


117 


206 


85 




128 


201 


115 


Rh 


117 


207 


88 




129 


201 


116 


Rh 


117 


206 


87 




130 


201 


117 


Rh 


117 


206 


B8 




131 


201 


118 


Rh 


117 


210 


89 




132 


201 


119 


Rh 


117 


211 


30 




133 


201 


120 


Rh 


117 


212 



[0 0 7 8] [0 0 7 9] 

[^4] [^5] 



-12- 



121 


Rh 


117 


213 


122 


Rh 


117 


214 


123 


Rh 


117 


215 


124 


Rh 


119 


201 


125 


Rh 


119 


202 


126 


Rh 


119 


203 


127 


Rh 


119 


20* 


128 


Rh 


119 


205 


129 


Rh 


119 


206 


130 


Rh 


119 


207 


131 


Rh 


119 


208 


132 


Rh 


119 


209 


133 


Rh 


119 


210 


134 


Rh 


119 


211 


135 


Rh 


119 


212 


136 


Rh 


119 


213 


137 


Rh 


119 


214 


138 


Rh 


119 


215 


139 


Rh 


136 


201 


140 


Rh 


136 


202 


141 


Rh 


136 


203 


142 


Rh 


136 


201 


143 


Rh 


136 


205 


144 


Rh 


136 


206 


145 


Rh 


136 


207 


146 


Rh 


136 


208 


147 


Rh 


136 


209 


148 


Rh 


136 


210 


149 


Rh 


136 


211 


150 


Rh 


136 


212 



[0 0 8 0] 
[«6] 



151 


Rh 


136 


213 


152 


Rh 


136 


214 


153 


Rh 


136 


215 


154 


Rh 


102 


201 


155 


Rh 


108 


201 


156 


Rh 


104 


201 


157 


Rh 


105 


201 


158 


Rh 


106 


201 


159 


Rh 


107 


201 


160 


Rh 


1QB 


201 


161 


Rh 


109 


201 


162 


Rh 


110 


201 


163 


Rh 


111 


201 


164 


Rh 


112 


201 


105 


Rh 


113 


201 


166 


Rh 


114 


201 


167 


Rh 


115 


201 


168 


Rh 


116 


201 


169 


Rh 


118 


201 


170 


Rh 


120 


201 


171 


Rh 


121 


201 


172 


Rh 


122 


201 


173 


Rh 


123 


201 


174 


Rh 


124 


201 


175 


Rh 


125 


201 


176 


Rh 


126 


201 


177 


Rh 


127 


201 


178 


Rh 


128 


201 


179 


Rh 


129 


201 


180 


Rh 


130 


201 



[0 0 8 
[£7] 



1] 



-13- 



181 


Rh 


131 


201 


182 


Rh 


132 


201 


183 


Rh 


133 


201 


184 


Rh 


134 


201 


185 


Rh 


135 


201 


186 


Rh 


137 


201 


187 


03 


101 


212 


188 


C& 


101 


215 


189 


03 


117 


212 


190 


Ob 


117 


215 


191 


Gs 


119 


212 


182 


Os 


119 


215 


193 


Os 


136 


212 


W 


Os 


136 


215 


196 


Ru 


101 


212 


196 


Ru 


101 


215 


197 


Ru 


117 


212 


198 


Ru 


117 


215 


199 


Ru 


119 


212 


200 


Ru 


119 


215 


201 


Ru 


136 


212 


20£ 


Ru 


136 


215 


208 


Re 


101 


209 


2W 


Re 


102 


209 


206 


Rs 


109 


209 


206 


Re 


104 


209 


207 


Rs 


105 


209 


208 


Rb 


109 


209 


208 


Rs 


107 


209 


210 


Rb 


ice 


209 



[0 0 8 2] 



-14- 



211 


Re 


108 


206 


212 


Re 


110 


208 


213 


Re 


111 


209 


214 


Rb 


112 


209 


215 


Re 


113 


209 


216 


Rb 


114 


209 


217 


Re 


115 


209 


218 


Re 


116 


208 


219 


Ra 


117 


209 


220 


Ra 


11B 


208 


221 


Re 


119 


209 


222 


Re 


120 


2ce 


223 


Re 


121 


209 


224 


Re 


122 


209 


225 


Re 


123 


20B 


226 


Re 


124 


2ce 


227 


Ra 


125 


209 


228 


Re 


126 


209 


229 


Re 


127 


209 


230 


Re 


126 


209 


231 


Rs 


129 


209 


232 


Re 


130 


2ce 


233 


Re 


131 


209 


234 


Re 


132 


209 


235 


Re 


133 


209 


236 


Ra 


134 


209 


237 


Re 


135 


209 


238 


Re 


136 


209 


239 


Re 


137 


206 


[0 0 8 3] i 





[oo84] (^ifiwi-s, it&mi-8) nmmt 



[0 0 8 5] 3»ttJfctMWk^fc*w«M«-Cfflv* 

fctti^-f, fk±mim&*m.im i . otu mm 

fee 

[00 8 6] a'J^fi^r^it-ctTcfc. 

[oo8 7] mmm<»%fttfmm^it®&, 

as±T10%«:«U ftSSt*15%-CS>ofc 0 VcMW 

[0088] nmwtom+tt;* ±xiommmm 

LT h£fe LTtSBft&SS:^ Lit. 

[oo8 9] zm,b<omi\zx9, m&mxm&am 

[0 0 9 0] 



1 



1*9] 











it/ it.jnl 4 


301 


14% 


1.6 


i-ntat/ni i 


402 


6% 


1 


*ASW] 2 


302 


15V 


1.6 


ffclxw] 2 


404 


5% 


1 




303 


12% 


1.3 


ttSSfW 3 




5H 


1 


^JSW 4 


304 


13% 


1.4 


Wolfe's/Eft 4 


a ft- 1 f BM HH 


7% 


1 


Mmm 5 


305 


16% 


1.4 


tt&tw) 5 




5% 


1 


^+fe/5[ ft 


-5U0 


1 J* 


i.j 






5% 


1 


3l*fe#l7 


307 


13% 


1.5 


Jfc$fc#j7 




6% 


1 


£*fc#|8 


308 


14% 


1.4 






4S 


1 



[0091] mmm 9 ) scratch i i^i-x 

[0 0 9 2] tSl5 Omm, g| 1 50mm, JP£ 1. lm 
m0*l7/l'#!J;tf7*Xtt2 l±fc, 39JS&2 2 (H 
^ 1 0 0 n mflco I T OK£*/>° y * 

mffi£LTL INE/PACE=1 00/im 
/4 0 ^m(0P^B|-C, lOO^^^^^^l 

-CIH6 (c) lc*+J:5 4, 4 2 3* 

[0 0 9 3] JH^T, ^^^S*CT, LINE/SP 
ACE = 1 0 0 m m/4 OMmtl 0 0 y^XD&mM 

««ri to««2 2icass-raj:5^*s«2. 7x1 

0-3P a (2 X 1 0-5T o r r ) <D«£#T 

[0 0 9 4] (IftS 24) fiAl-Li 

(Li : 1. 3wt%) Jrlgf lOnm, o<5v>TA 1 
-L i/§£T§i<% JI£LT, ^i(IAl§:15 0nm 

[0 0 9 5] :©1 00X 1 0 0(D^h!Jnif 
iEL *»#H»-Ci»fc Lfc ^ P y * * * 

\CX®2<D£ 5*1 9VCO^aE<t-^> ±4VOlfSff^" 
(CioT, 1 5Vd»6 2 3 VOH-e, ^M^hy^^i^ 
»£*3rftofc 0 71/-AMt3 0Hz^y^U 

[0 0 9 6] (S61SW10) ifT^Lfc|g|6 (c) ic^-r 



-hi-*. 

[0 0 9 7] :«if«^^^h/^a7C^ 
-ftf^ J£V>StS«SH (4 5 0^b6 3 0nm) CD$&5fetf 

WiP-fai:, 6 0 0Cd/cm2W^ ££Lfc3B3fcaS 

[0 0 9 8] fiUdl^-cfcfciSfc, *8»WOM» 

[0 0 9 9] 6E«fcAJR«*lC*3V^T, »#ttEtt*a* 

[oioo] ^w-e^LfcMa^Si**^^ €^ 
[0101] S*%ga* L-Ctt, tf^*A*¥-*i««R 

tt • fiSfc fc*im t ft So 

^^-*SK1-5»Rb7^^^ (TFT) ftjfttf 
jffflTtSo TFTCIt T^r^Sa^TFT 

[0 10 2] 7])>*-<D%mbl,X\1:. §I&J£ 



-15- 



[0 10 3] *fc#S^<0353te*^^*;i^fc^fc* 
[0 10 4] 

(#(460nn)A»b#(630nni)) ©»*fclU #8l$SftiSt 

[0105] gv>»Kii5»a%(%*>, s^iim 

[0 10 6] Sfc4IHl:feoTtt, ffeco** httttfc 



[0 i ] **»w©xyt h y ? ^^iiwi3ls*f«> 
&«0 

[@2] wmmowmm. 
fcm*»***i-Bi. 

[0 5] ««E«St«8fK*^©ffi*fHSr*1-|g„ 

[me] *«B83tig^©«fi!cia. 

[0 7] *Mk&»i<D*1tiX-<fi h^Sr^-fS. 

[ft^roSftiK] 

1 1 &jr®& 

1 2 383feJ§ 
13 
1 4 
1 5 
1 6 

1 7 

2 1 
2 2 
2 3 
2 4 



i toi® (ants) 



[01] 



[02] 




-16- 



[H3] 



[04] 













301 CD** 


' 402<D3 


5* 






402 

4040 3§£ 



301 

303CO*&£ 



5% 10% 15% 



[85] 



[06] 





<b) 




(c) 




14$B«tt 



n&JM&ffi 



-17- 



0ESJ AVAILABLE COPY 



17] 



3 




wavelengtl^nmr 



(0 



Ir[thpy]3 




wo aoo wo aw c 

wavelength(nm) 



700 T» 



(72)3PJ# JtP f&8£ 

HOi*ff *H[ZT*^ 3TB 30# 2 #*-t y 

(72)3PJ!# #JH 

JiOSfltfcBET*^ 3 T i 30# 2 J 

JUfCl5*E3 ET*.* 3 T S 30# 2 / 

Jt0i(t5*ffl ET&^f - 3 T 1 30# 2 J 



(72)3g$# =« B& 

ma®* E9 ET*,* 3 T 1 30# 2 J 

(72)*W# *W * 

I0K#*:HKTA-T- 3 T 1 30# 2 / 

<72)»W# £®5 #tt 

3KJC3&:*: ffl ET^L-f- 3 T I 30# 2 / 

F # — J>. 3K007 AB03 AB04 AB11 AB18 BA06 

CA01 CB01 DA01 DB03 EBOO 
4H050 AB92 WB11 WB13 TO14 WB21 



-18- 



